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Abstract:
In the first trillionth of a trillionth of a billionth of a second after the Big Bang, the Universe is thought to have experienced a growth spurt -a period of rapid expansion known as inflation. Cosmological observations provide strong circumstantial evidence for inflation, but no direct detection thus far. The predicted "smoking gun" evidence for inflation is primordial B-mode polarization. These "B-modes" are a polarization pattern imprinted in the cosmic microwave background (CMB), the pervasive leftover radiation from the Universe's formation. Unfortunately, despite enormous experimental effort, the B-mode signal has yet to be detected because it is obscured by polarized dust in our galaxy. Galactic dust grains emit polarized light because they are aligned with the interstellar magnetic field, creating a signal that must be carefully measured and subtracted from CMB data in order to uncover the inflationary B-mode signal.
This dust is a component of the interstellar medium -all the diffuse material between the stars in the Milky Way. The interstellar medium is also full of gas, much of which is neutral hydrogen. Here, we present the discovery that slender linear filaments of neutral hydrogen gas in the Milky Way, revealed by high-resolution Arecibo survey data, are extremely well aligned with the dust polarization. This means that structures in the gas are strongly aligned with the ambient magnetic field. We use a machine vision algorithm to measure the orientation of the Arecibo filaments. The shape of neutral hydrogen provides an entirely new way to constrain the dust polarization foreground obscuring the inflationary B-mode signal. Our work will allow astrophysicists to more precisely measure the foreground dust signal, improving our ability to uncover the signature of inflation.
This work would not have been possible without Arecibo. The sensitive, high dynamic range Galactic Arecibo L-Band Feed Array (GALFA) HI Survey revealed the slender, magnetically aligned neutral hydrogen structures.
The top frame is a visualization of the orientation of linear HI structures across a swath of high-latitude sky. The lower frame shows the orientation of the magnetic field as measured by the Planck satellite's observations of polarized dust emission. The overlaid white pseudo-vectors show the orientation of polarized starlight. Abstract: Small bodies in the solar system are time capsules that have recorded the conditions during planet formation. Studying these objects will not only help us better understand how our planet formed, but also how large impacts help shape the course of life on Earth. The Chelyabinsk bolide that entered Earth's atmosphere over Russia in 2013 reminds us of the threats posed by small near-Earth asteroids (NEAs) with diameters <20 meters. Furthermore, small NEAs are the progenitors for meteorites in our terrestrial collection. The physical characteristics of these small NEAs are crucial to our understanding of the effectiveness of our atmosphere in filtering these low-strength impactors, but characterization has been a challenge because of the difficulty in detecting them prior to close Earth flyby.
NEA 2015 TC25 was first observed on October 11, 2015 and a quick response campaign was launched so it could be observed during a close flyby -about 69,000 miles from Earth. Spectral observations suggest that its surface composition is similar to aubrites, a rare class of high albedo differentiated meteorites. Indeed, the radar polarization ratio of >0.6 indicates 2016 TC25 is an E-Type asteroid (see Figure) , thus agreeing with the spectrally constrained composition. 2015 TC25 is also a very fast rotator with a period of 133 seconds. We compared spectral and dynamical properties of 2015 TC25 and found the best candidate source body in the inner main belt to be the 70-km diameter E-type asteroid (44) Nysa. Using the albedo of E-type asteroids (50-60%), we refine the diameter of 2015 TC25 to 2-meters making it one of the smallest NEAs ever to be characterized and the smallest NEA ever detected by the Arecibo radar.
The Arecibo Observatory planetary radar system, which is funded through NASA's Near-Earth Object Observation Program, provides crucial information for the assessment of impact hazards from near-Earth objects, as well as invaluable information on the object's size, shape, mass, spin, and constraints on the composition. Such characterization further refines the orbit determination, extending predictions by 80 to 400 years compared to single-apparition optical measurements. Indeed, radar campaigns for NEOs that make close approaches to Earth (within ~0.05 AU) are roughly equivalent in their science content to spacecraft flyby missions, but cost orders of magnitude less and more efficiently probe the overall population. This study shows how radar data in tandem with other wavelengths can provide a richer understanding of the NEO population.
Power spectrum of asteroid 2015 TC25 from Arecibo radar showing Doppler Frequency on the X-axis and echo power on the Y-axis. The solid and dashed lines show echoes of each circular polarization. Combining the observations from the two panels suggests a polarization ratio of ~ 0.9. A value this high is indicative of E-type asteroids, which are thought to have surfaces composed primarily of enstatite (MgSiO3) His current research focuses on two major areas, Solar System Formation and Evolution, and Astrobiology. Ed uses observations paired with simulations to unravel the processes that led to the formation of the icy moons of Jupiter and Saturn as well as processes that drove the evolution of the interior rocky worlds. Additionally, he studies aqueous processes on Mars in search for habitable abodes beyond Earth. He teaches every summer at the Alfred University Astronomy Institute for High School Students and at AO he is the Project Manager for the Arecibo Observatory Space Academy. 
First Simultaneous Measurements of Na and K Thermospheric Layers along with TILs from Arecibo
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Photo: LIDAR Lab at the Arecibo Observatory Arecibo Observatory houses the lidars to study atmospheric temperatures and densities using Rayleigh and Resonance lidars
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The 305-m Arecibo telescope and its suspended support platform of radio receivers is shown amid a starry night. From space, a sequence of millisecond-duration radio flashes are racing towards the dish, where they will be reflected and detected by the radio receivers. Such radio signals are called Fast Radio Bursts. Though this is an artist's conception, the bursts shown here are derived directly from the real data presented by Spitler et al. (2016) . 
A Repeating Fast Radio Burst
Abstract:
In the last decade, radio telescopes have started to detect mysterious signals called "Fast Radio Bursts" (FRBs). The FRBs are radio flashes that last for only a few milliseconds; they have been discovered using the same techniques that have been employed for decades to search for radio pulsars. As with pulsar signals, we can estimate the distance to the FRB source based on how much later the signal arrives at low radio frequencies compared to higher radio frequencies -an effect that is caused by dispersion of the signal as it travels through the interstellar material between Earth and the source. Surprisingly, the inferred distances to the FRBs are huge: they imply that the sources must be well outside the Milky Way, and perhaps many hundreds of millions or even billions of light years from Earth. Another key aspect of the FRBs is that their signals have so far not repeated. With only one radio flash seen in any given sky direction, this suggests that the mechanism that produces the signal is cataclysmic in nature -i.e., a massive explosion like the collision of two neutron stars, which can only ever be seen once. Many theoretical models have been developed to explain the FRB phenomenon, but their true nature remains a mystery, and one of the hottest topics of debate in Astronomy today.
Arecibo is distinguished as being the second telescope, after Parkes, to discover an FRB. This source, called FRB121102 (based on the fact that it was detected Nov 2nd, 2012) was published by Spitler et al. (2014) and generated a lot of excitement in the field. More recently, we continued monitoring FRB121102's sky position in order to test the hypothesis that the signal would never repeat. We were astounded, however, to discover that FRB121102 does repeat, albeit very sporadically. It is the first FRB to show such behavior. The simple fact that we have now detected multiple bursts from this source indicates that the origin of the signal cannot be a cataclysmic explosion. Rather, only theoretical models that can accommodate a repeating signal are viable; this includes super-giant pulses from a very young, extragalactic pulsar or outbursts from a hyper-magnetic neutron star (a so-called "magnetar"). The discovery of repeated bursts from an FRB is thus a major breakthrough, though we are left with a new puzzle: do all FRBs sporadically repeat, or are there multiple types of FRB sources? FRB121102 is an extremely weak radio source, and this discovery of repeated bursts was only possible because Arecibo provides the largest sensitivity of any single-dish radio telescope on Earth. 
WELL DONE!
It is our pleasure to introduce you to Arecibo Observatory's platform crew. These guys sand blasted and painted the azimuth arm, preparing your telescope for the future. They worked for weeks:
-500 ft in the air, -in the heat and humidity, -wearing hazmat suits,
The painting is complete, the tarp has been removed, and your telescope looks like its familiar old self, but with a shiny new coat of lead-free paint. This painting was essential to protect the telescope from rust and preserve the structure for the future. We want to thank the Observatory's amazing platform crew for carrying out this vital work with skill and dedication -dodging the Puerto Rican rain storms throughout the process. We also thank our users for their patience and understanding while we undertook this complex project. Full motion of the telescope has been restored and observations have returned to normal -in a potentially toxic environment, -under a containment tarp, -scrutinized by EPA inspectors. What began as a passion of a handful of individuals, a musician, filmmaker, technologist, scientist and astronaut, has become a global movement by thousands to increase awareness and education about asteroids. Supported by 22 global partners, scores of international agencies, 72 space travelers from 12 nations, leaders in business and finance, parents and youth, Asteroid Day 2016 included hundreds of events on and around June 30, 2016. Professor Stephen Hawking, who participated in the Starmus Festival, an Asteroid Day event, states that "One of the major threats to intelligent life in our universe is a high probability of an asteroid colliding with inhabitable planets." "Our goal is to dedicate one day each year to learn about asteroids, the origins of our universe, and to support the resources necessary to see, track and deflect dangerous asteroids from Earth's orbital path," explains Dr. Brian May, astrophysicist, guitarist and songwriter for QUEEN who co-founded Asteroid Day. "Asteroids are a natural disaster we know how to prevent." This is the premise of Asteroid Day. Asteroid Day is held on the anniversary of the largest asteroid impact of Earth in recorded history. On June 30, 1908, a relatively small asteroid (40 meters) exploded over Tunguska, Siberia, releasing the equivalent of 10-30 megatons of TNT, devastating an area of about 800 square miles, the size of any major metropolitan city.
The Arecibo Observatory hosted a day long program for all of the Science and Visitors Center guests. Creating their own clay asteroid, making a crater and seeing its formation in slow motion, detecting the space rock in our interactive exhibits, touching a real asteroid and being able to see a Martian and a lunar rock were just a few of the amazing experiences people had at the Arecibo Observatory.
We also had a special video presentation by Dr. Edgard Rivera-Valentín, a staff planetary scientist at the Arecibo Observatory. Dr. Edgar Rivera-Valentín's asteroid presentation was focused on: What are asteroids and what does the population look like?, what is the impact hazard and what would we do to prevent an impact? and The Arecibo Planetary Radar Program -What do we do to detect and characterize asteroids and how does that help.
